. All wireless devices must be turned off for the duration of the exam.

. The duration of the exam is 4 hours (8:30 am — 12:30 pm).
. Each student is provided with a folder that includes a total of 17 problems. Including
this instruction sheet, you should have a total of 24 pages. 1$

% 1 &

" Problems 8, 9, 11, and 13 are two pages each, Problem 17 is three pages

. This exam is closed book and closed notes. No reference material is allowed. A basic

calculator is permitted.
. Blank sheets are available as needed. Do not write on the backside of any sheets.

. Your code number && % , including the instruction sheet and
any additional sheets that you may use. "

. You must choose 8 problems (a minimum of 2 problems from upper level courses, 1
from ECE and 1 from CSE) to be handed in for grading. Keep each problem separate,
staple it, and place it in your folder. I in the grid below the problem numbers
that you are turning in for grading.

Core: Problems 1 — 10, Upper level: Problems 11— 17

. Turn in your folder, which includes this instruction sheet and the 8 problems that you
select. Discard all other materials prior to leaving the room.

$ &

«, Cc]OoO]C ¢ 6 G /&3




Code Number

Problem 1 (ECE Core)

Periodic continuous-time signal x(t) is shown below.

Find the Fourier-series coefficients, ¢, for x(t).




A Assuming the defimbion given below for the Binary TreeMode structure, and the miterface for the
BinaryTree and BSTree classes, show the implementation of a Min() member function (for the BSTree
class) that will retum the data m the BSTree tree with the smallest key value. The Min() function
should call the ree_min{)y function which 15 a recursive function. You need to write the implementation
for both the Min() public function and the rec_min() private recursive fimetion. You should throw a
Badlnput exception if the tree 15 empty. The pedinent parts of the class definitions are included for

reference.,

template<class Tr» clasa
BinaryTreatade |

friend BETree

public:

Ffomitted

private:

T data;

BinaryTreslade<T> *LeftChild;
BinaryTreaMade<T> *RightChild;

template<class Tx

class BinaryTres |

public: J/F member functions
protected:
BinaryTreeNode<T> *root;

L=
e

template<claas Tx

class BSTree @ public BinaryTree<T:»

|

pubkliea:

Flether member functichs

T Min{weid]: // prototype for public

Min

private:

£ other member functions

T rec_min{BinaryTreeNode<T> *node):
£ prototype for private
f/min function

L.

B. What is the complexity of the Min operation in part A7 Justify vour answer,

C.  Suppose that a large number of mteger values have been mseded into cach of the data structures
below. For cach structure, give the complexity for inserting a particular element into the structure
(maintaining its propertiesh. Justify all answers, If vour answer involves a vanable other than # (the
number of clements in the structure), you should tell how the vanable that vou use s related to # (for
example, if vou use & to represent the height of the tree, give a formula for valid ranges of values for #

in terms of 1)

a.  Link-Based ordered hst (elements kept in order by value)

b, Armay-Based ordered hist (elements kept i order by value)

<. Bmarv Search Tree

d. Max-Heap
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Problem 4 (ECE core)

What is the maximum current i, that can be provided to the load in the circuit below?

20Q 25Q
VWA VWA

sov (%) ill load 503

What is the maximum power that can be transferred to the load?



1. How does the Listener interface strategy for handling events in Java GUI programs
differ from the "event loop" strategy used in other GUI programming environments
such as Windows?

2. What are the challenges (related to event handling and interface interactivity) faced
when moving a traditional GUI application to a web-based client server architecture
based on Servlets or JavaServer Pages.



Problem 6 (ECE core)

Code number

For the Sallen-Key biquadratic circuit (shown) and the simulation results of its Bode magnitude plot,

determine

(a) Simulated (extract from Bode plot) and the analytical
values for quality factor Q,

(c) Analytical values for characteristic frequency fyand
for (the expected) fpea

(e) On the Bode magnitude plot the 3dB levels to each
side of the peak are marked by the two cursors, which are
extended to the empty phase plot below. Trace the
expected phase plot for this circuit on the empty phase
plot. Be sure to identify the correct phase values at each
of the two 3dB levels

i amu
a1 = 1.2522K, 576.611u ;
A2 = 1.79NBK, 575972y |
dif- -541.755, 639.064n :
0.5n0
SELY>
ou
303H2 1. 8KHz 3. 0KHz
{3iu{Vo1)
(Magnitude plot)
—oa

-50d

-106d

F150d

-2a6d

o PrUilndyy

(Phase plot)
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Problem 7 (ECE Core)

Consider the Darlington voltage follower.

VC C

Vee

a) Use the simplified (1, = ) hybrid-z signal equivalent circuit shown above
for each BJT to draw a signal equivalent circuit.

b) Write equations for the node voltages V,,, V,,, and V,, where V,, is the
node voltage at the base of (J and where V,, is the node voltage at the
base of (.

c) Collect the terms of the above node equations and write them in matrix
form so they could easily be input to Matlab.
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Problem 8 (ECE Core)

ECE 3714 (Digital Devices) PhD Qualifying Exam
A. Give the truth table of the logic network below:

nand
Xor

B. Complete the timing diagram for the Y output for all clock cycles.

Y
D Flip-Flop
D |
D Q
CLK
> C_ QI— DFF is rising edge
R triggered

asynchronous reset, high-true

D

Y??

CLK-::é: L—A“ L—J$ | 4? L& L4 L_Ji L_jh L4 1
: i



Code Number
Problem 8 (ECE Core)

C. The ASM chart below specifies the behavior for the finite state machine that is controlling the counter
that is shown. On the timing diagram, fill out the waveforms for the State, Id, en, and Q values given the
Start and D values shown. Draw the waveforms through state S2 of the ASM. Assume the counter and
FSM are rising-edge triggered.

Counter

'''''''''''''''''''''''''''''''''''''''''''' ! D[7:0]

— " QL7:0]
clk '8 '

| 4 —»(ClkQ
0 " sclr 8
@ Cld™ en
Id

Finite state machine

sclr en Id
start FS M

o L L LA LS
>§$9o

>C$ 04

Start

State

en

Counter behavior (ALL output changes occur on rising clock edge!)
When en is asserted, the counter counts up.
When Id is asserted, the counter loads from the D inputs.
When sclr is asserted, the counter is cleared.

If neither en, Id, or sclr is asserted, the counter holds the current value.
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Problem 9 (ECE Core)

ECE 3724 (Microprocessors) PhD Qualifying Exam

Assume a microprocessor with RO thru R7 16-bit registers. The processor has Z (zero), C (carry), N
(negative, value of Most Significant Bit of result), and V (2’s complement overflow) status flags. Multi-
byte values are assumed stored in little-endian order in memory (Least Significant Byte first). All load and
store operations move 16-bit values from/to memory.

Some instructions for this processor are

LDl 16-bit immediate, Rn 16-bitimm Rn  --loads a 16-bit immediate, no flags affected

LD [Rx,n], Ry [Rx+n] Ry -- the contents of memory location [Rx +n] is
loaded into register Ry. No flags affected. ‘n’ is an 8-bit 2’s complement offset.

ST Ry, [Rx,n] Ry [Rx+n] -- the contents of Register Ry is stored at
memory location [Rx+n], no flags affected. ‘n’ is an 8-bit 2’s complement offset.

TEST Rx,Ry Rx-Ry -- performs Rx-Ry for testing purposes, all flags
are affected, no register contents are altered. Carry flag is set to “1” if no borrow occurs, Carry is cleared to
‘0’ if borrow occurs.

ADD  Rx,Ry, Rz Rx+Ry Rz -- add operation, all flags affected
ADDC Rx,Ry, Rz Cflag+Rx+Ry Rz -- add with carry operation, all flags
affected

SUB Rx,Ry,Rz Rx-Ry Rz -- subtract operation, all flags affected.

Carry flag is set to “1” if no borrow occurs, Carry is cleared to ‘0’ if borrow occurs.

SUBB Rx,Ry, Rz Rx - Ry - NOT(CFLAG) Rz  --subtract with borrow operation,
all flags affected

BZ  address (branch on Z=1 to address)
BNZ address (branch on Z=0 to address)
BC  address (branch on C=1 to address)
BNC address (branch on C=0 to address)
BV  address (branch on V=1 to address)
BNV address (branch on V=0 to address)
BN  address (branch on N=1 to address)
BNN address (branch on N=0 to address)

BRA address unconditional branch



Code Number
Problem 9 (ECE Core)

Question:
For the C code in the following questions, an ‘int’ is a 16-bit value (2 bytes), a ‘char’ is a 8-
bit value (1 byte), and a ‘long’ is a 32-bit value (4 bytes). Multi-byte values are stored in
little endian order, Memory is byte addressable (all addresses refer to byte values).
a. Write assembly code that implements the following C code fragment:

unsigned long r, s, t;

t=r+s;

Assume that the variables are stored beginning at location 0x100 in memory.

b. Write assembly code that implements the following C code fragment. Assume that P, Q are
stored in memory beginning at location 0x100.

unsigned int P,Q;
do {

/1l place holder for loop-body instructions, do not implement
Jwhile (P > Q);



Code Number
Problem 10 (ECE Core)

Given a random process
Y t!$ X tleos st # !

where X t! is a wide-sense stationary random process, % is a constant, and " is a random
variable uniformly distributed on the interval §) ¢ # (.

(a) Find the autocorrelation function of Y t!.

(b) Find the cross-correlation function of X t! and Y t!.

(c)Is Y t! wide-sense stationary? Justify.
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Problem 11 (ECE Upper Level)

Consider the circuit below where Vpp = 3.3V and the NFET threshold voltage is V1 = 0.6 V.
Determine the output voltage vyt under the different conditions given.

Voo Vb
. 1
[ 1 [ 1

EE
|||—| §<+°

What the output voltage Vgt when v;, = 1.4V?

What the output voltage vyt when v, = 3.1V?



Code Number

Problem 11 (ECE Upper Level)
(CONTINUED)

Now, consider the circuit below where Vpp = 3.3V and the NFET threshold voltage is V1 =
0.6 V. Determine the output voltage Vgt under the different conditions given.

VDD
1
o [
+ 1
Va o L
L ¥ i+
L L

What the output voltage Vot when va = 3.3V and v, = 3.3V?

What the output voltage Vot when va = 3.3V and v, = 1.8V?

What the output voltage Vot whenva = 2.0V and v, = 2.5V?



Code Number
Problem 12 (ECE Upper Level)
Assume that a direct-mapped cache has: Four 4-byte cache blocks (lines); 6-bit memory
addresses; Write-back and write-allocate policy; memory-byte addressable; big endian byte-
ordering schemes. Assume that all accesses are to READ or WRITE a single byte.

The initial conditions of the data cache memory and a part of memory are:

a. Cache memory (initial condition):

o
o
-

____________ Al A2 A3 A4
C5C6C7C8
B1 B2 B3 B4
D5 D6 D7 D8

_Index # [ valid dlrty Tag Data (in hex)
O
0
0

H
o
S

b. A part of Memory (initial condition)

________________ address | Contents (inhex) |  address | Contents (in hex)

________________ 000000 ALA2A3A4| 011000 D1 D2 D3 D4
,,,,,,,,,,,,,,,, 000100 A5A6A7TA8| 011100 D5 D6 D7 D8
________________ 001000 B1B2B3B4| 100000 E1E2 E3 E4
,,,,,,,,,,,,,,,, 001100 B5B6B7B8| 100100 E5 E6 E7 E8
________________ 010000 cica2c3c4| 101000 F1 F2 F3 F4
________________ 010100 cs5C6C7C8| 101100 F5 F6 F7 F8

The processor of a load/store machine fetched and executes according to the following sequence
of memory addresses (memory references, from ‘1’ to 7°).

Order | Memory reference | Inst. Type | Description

1 100101 load

2 101011 load

3 100111 - 22 store Write ‘22” to 100111.
4 000101 load

5 001000 = 33 store Write ‘33’ to 001000.
6 011010 = 44 store Write ‘44’ to 011010
7 000111 load

1. Which of the memory references (from ‘1’ to “7’) will be misses? You can list the memory
references by using ‘1’ to 7°.

Misses:



Problem 13 (ECE Upper Level)

How high can the voltage v,qr1q b€ driven by a careless student before a diode current exceeds

Code Number

525 mA? What is the voltage at the MCU input pin? Assume that Vpp =5V.

Table 1: 1 — V data for the 1N4148 diode (a high conductance, fast diode)

| Vdiode | diode | | Vdiode | 'diode | | Vdiode | 'diode | | Vdiode | 'diode ]

-100V | -100nA ov 0A 550mV | 250 uA 900 mV | 100 mA
-70V | -40nA 275mV | 1pA 600mV | 700 A 1.0V | 180mA
50V | -25nA 300mV | 2pA 650mV | 2mA 1.1V | 270mA
30V | -20nA 350mV | 5pA 700mV | 5mA 1.2V | 380mA
20V | -17TnA 400mV | 15pA 750mV | 10mA 1.3V | 525mA
-10V | -15nA 450mV | 35hA 800mV | 20mA 1.4V | 700mA
-5V -15nA 500mV | 100 pA 850mV | 60mA 1.45V | 850mA
VDD
MCU I
Vpin 1kQ Vivorld
X VWA
A 450kQ

(Your analysis process is more important than the actual number, so clearly show how you arrive

at your answer)
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Problem 13 (ECE Upper Level)
(CONTINUED)




Code Number
Problem 14 (ECE Upper Level)
Design a circuit that generates a pulse-width modulated signal with 128 different voltage

levels without using a shift register. One constraint of the design is that it cannot use
more than 50 flip-flops.

inputs:
CLK clock (~50MHz)
REF_V fixed 7-bit input, represents the voltage level produced
also represents the number of ones in the PWM signal
outputs:

PWM_OUT The single-bit pulse-width modulated output
Operation:

a. The module should output a PWM signal 128 bits long. The number of ones
output should be equal to the decimal value of REF_V. If REF_V = 0001111, then
the PWM output should output 16 ones, then 112 zeros, then repeat.

c. Your design can use counters, registers, flip-flops, gates, comparators, adders,
subtractors, multipliers, muxes, but you cannot use a shift register. (You also cannot
build a shift register) Use the circuit blocks below.

d. You will need to draw the datapath, and give a plain English explanation for
your design. You won’t need to use a finite state machine for this design. You
MUST label the size of all busses, and show their connections - don’t just assign
names, draw connections. (exception: you don’t have to connect the clock inputs)

counter register
/N [P Q/N 7L’N D Q 7L’N
Clk d
sclr Comparator Clk
en | sclr

N
N

GTI—

EQ=1if A==B; LT=1ifA<B
GT=1ifA>B



%



%
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Problem 17 (CSE Upper Level)

Ph.D. Qualifying Exam, Computer Engineering
CSE 4833 (Algorithms) Questions

You may find the following definitions useful when completing the rest of this exam.

Asymptotic Notation

O(g(n)) = {f(n) : there exist positive constants c;, ¢y, and ny such that
0 < c1g(n) < F(n) < cog(n) for all n > ng}

O(g(n)) = {f(n): there exist positive constants ¢ and ny such that
0 < f(n) <cg(n) forall n > ngy}

Q(g(n)) = {f(n): there exist positive constants ¢ and ny such that
0 <cg(n) < f(n) for all n > ny}

o(g(n)) = {f(n): for any positive constant c, there exists a positive constant n, such that
0 < f(n) <cg(n) for all n > ngy}

w(g(n)) = {f(n): for any positive constant c, there exists a positive constant n, such that
0 <cg(n) < f(n) for all n > ny}

The Master Theorem

Leta > 1and b > 1 be constants, let f(n) be a function, and let T (n) be defined on the nonnegative
integers by the recurrence

T(n) = aT (n/b) + £(n),

where we interpret n/b to mean either [n/b] or [n/b]. Then T(n) can be bounded asymptotically
as follows:

Case 1: If f(n) = O(n'°&»3~Y for some constant [ 0, then T (n) = O(n'°&:?),
Case 2: If f(n) = O(n'°&:2), then T(n) = O(n'°&21g n).

Case 3: If f(n) = Q(n'°# 2+ for some constant = 0, and if af (n/b) < cf(n) for some constant
¢ <1 and all su Lciehtly large n, then T (n) = ©(f(n)).



Code Number:

Problem 17 (CSE Upper Level)
Instructions: Answer the following question.

1. Place the asymptotic complexity class symbol between the following pairs of functions which
describes the tightest possible asymptotic relationship. In each case, your answer will be one
of little-0, big-O, @, Q, W.

@1n?=____ (8n?

()15’ +n=______(32n?>+n)
@3N=___ (n")

(d) 2nz = (4n3)
enlgn=_____ (lg(n!))

Instructions: Answer any one out of the remaining two questions (questions 2 and 3).

2. Consider the following procedure:

Go-Dawgs(A,p, 1)
1 if(r—p+1)>3

2 thenqg« [(p+Tr)/3]

3 Go-Dawgs(A, p, Q)

4 Go-Dawgs(A,q + 1, 2q)
5 Go-Dawgs(A,2q+1,r)
6 Selection-Sort(A,p,r)

(a) Hlustrate the operation of Go-Dawgs in input A = (8,4,9,3,1,6,2,5,7), with the initial
call Go-Dawgs(A, 1,9). Give the values of p and g at each recursive call. You do not have
to illustrate the operation of the call to Selection-Sort, just assume that it correctly sorts
its input.

(b) Give a recurrence equation T (n) which describes the running time of Go-Dawgs(n) as
a function of the input size n. In your equation include the boundary condition where the
recursion stops.

(c) Determine the asymptotic complexity of your recurrence T (n), using the master theorem.
Which case of the master theorem applies? Explain why this case applies and give the
complexity of T (n), showing your work.

— 2
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Problem 17 (CSE Upper Level)
3. Consider the MST-Prim algorithm:

MST-Prim(G,w,r)

1 for each u € V[G]
do key[u] «— oo
3 n[u] < nil
4 Fkeylr] 0

5 Q< VI[G]

6 while Q# 0
7
8

9

N

u +— Extract-Min(Q)

for each v € Adju]

do if v e Q and w(u,Vv) < key[v]
10 then m[v] < u

11 key[v] < w(u, V)

(a) Walk through the example shown below, assuming the initial call MST-Prim(G, w, a),
and indicate the key[v] and m[v] values for each vertex v.

(b) Write the algorithm Print-MST(G), which walks through the processed graph G, prints
the minimum spanning tree, and then prints the cost of the minimum spanning tree.

(c) Indicate the time complexity of your algorithm Print-MST.
(d) Use Print-MST to walk through your output from part (a) above.



